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(54) INSULATING FILM AND MANUFACTURING METHOD THEREOF AND SEMICONDUCTOR 
DEVICE AND MANUFACTURING METHOD THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacturing method of an insulating film which 
optimizes the contents of boron and phosphorus in a 
BPSG film and at the same time manufactures the 
insulating film comprising the BPSG film which is not 
changed its characteristics, and to provide the 
manufacturing method of a semiconductor device. 
SOLUTION: In the manufacturing method of an insulating 
film comprising a BPSG film, an oxidizing atmosphere is 
composed in a substrate 10 formed with an etching stop 
film 1 2 using oxygen gas, and thereafter, a first seed 
layer is formed using tetraethyl orthosilicate and oxygen 
gas. Successively, a second seed layer which can acjjust 
a boron content and is used for forming the insulating 
film 1 8 is formed using triethyl borate, tetraethyl 
orthosilicate and oxygen gas, and the insulating film 18 
comprising the BPSG film is formed using riethyi borate, 
triether phosphate, tetraethyl orthosilicate and ozone 
gas. As a result 5.25 to 5.75 wt.% of boron and 2.75 to 

4.25 wt.% of phosphorus are added to the film 1 8. The film 1 8 is not affected by the 
characteristics of the preceding or later process. 
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T. 5. 2 5*^e,5. 7 5BS%a)Jh't73S (B) t2. 

[IS«il2] X h5X5^;u*;uhi/iJ^-h (TEO 

s) lcs^^i^/■1-^■17iftfci:l;H^sE«A<asE^l^^4^■cL^^)B p s 
gs* c i ^ i(#aii<t^i,it^« 1 iziE«©ffi3at)!i. 

hiJX5^;U;t;b— K (TEB) . h^Xf^^U:*-;!, h •> 

h'jx?^;!./!;^— t-ijx^ji,;hx:7i— h (tep 
O) , Tl-^x^;u:f;uhv'J^-hfc<J:i;:<-7:^**X 
^ffiffl L, mass 1 KISfc<fct/«!llBSB 2 V- Kl^ 20 

BPS Gii^fljfiE-rssiigt^^t?ci:*i*stt-ri>«fe 

*fe»« * 'J n - L T B!iiE*6«)R<0«ffi^ ^ffilcr#fi£ 

L, iiisficfiESffi±fl)ia. flaio>5*.DaairtssiisH*e 

^i5^jU^;UKi/iJ'!r-KfcJ:U*»5e**XI4. 1:5. 30 

^xf^ju:j-;l,hvi;>r- h, KiJx^;U;t?L/- hfcJ:!/ 
1 : 0. 2i|NbO. 3 : 5. 4^P.5. 8 

©il^it ^ =&-r 4 <*: 5 icttilS * t 1 1- 4 a 

[tiS5}5«7] fi!lSEBPSGK^flJREr'Sfcft©xK=7 
XT;U:*-JUhviJ'y— h. h'jx^;u;t<u-i-. h'-ll 
f^ju*x:7i— hfc.fcu::*-7v**;^l4, i : o. 2)!)^t. 40 

0. 3:0. 09)!iNf>0. 12:5. 4A^^>5. 8 fl))S 

3l:iBttro*6aSI«)a{i£:&s£. 

8 ] miEffilbttSHSl. B?II3S 1 KH. 
ffII£«2v-KHfci:T;tliiaBPSGlSli, Sg£ttS|-Cf 

1:1. B*^e,2. 2 (OS^ht^ ^"fS J: 5 LT 

[ISjRS91 s?riH*6JSi!io)Bgnai^«i--s*6ii*i!i/«^' so 



ii±-r*fcft©x-yf^>^fi!fl±iBi*iKfiELfca, itri3*6 
[tS3Ra 10] >f- f-ma*<»jdt**i.> msEy- 

mffiS«fcJ;i;itlKy- h«a±IcaiKfi«llcJBfi!c**i. 

5. 2 5A^f,5. 7 5aS%a)/lN't?*^Ct,mc2. 7 5 

*^b4. 25Mft%ro«|A«i)61iD*ixTI,^&»6aSt*il 
jL S C fc ^(#l8t t T *¥i!H*»H. 
[-assail ] 11IIES«I±, ffjS««±irr*«*;KT 

1 oicsH«so)i*i®itsa. 

BiIIB«*ai»lLTJKli)t*H* BPS GSi^^tZi 

fflii:-r«>is*ij!i 1 i=iaKo>¥®»SEa. 

i:^Eji:-r4fcftrox.yf^>^rffl±Sl^MIHS«±lc)K 

5. 2 56^b5. 7 Sm.&'iia>f\--'^^U!^lflZ2. 7 5 
<)^ f> 4 . 2 5 M£%©tf|Ma*B J *l.fci(6SIS^1iIffiX >y 

jriiHJ6»isa>msffl^x-v^>'yL, MEp^sairoTW 

1= fe 4 1 -y 5^ > ^7"lflihlS*ffi A<Btt * H i> M □ W J * -r 

[iS*iai4] sirffix->5^:/.yj§±igtt. M<ba«* 

fl5fflLT60^b1 4 0AfISro(l^*^-r4^5lciB 
RES*i.2.Ct^mi:-r4lfi*«l 3 l=!atta>i»i«<*« 

[iS«JSi 5] fiaES«iieai!bSf!*WL, flfriBSffiro 
1 3 iciEKro^SftS^aroSfit:^,*. 

t^natt-r^ssmai 3 iziEeroi«i«tt:aiE©sijs:& 

x[-^x^;U;t-;uh.->ij'^r-hfc<fcl):»tK*-x-t1 : 
5. 4A^^,5, 8(D;I-&ht^^1-SJ:5lc«*&L- 

7^ h 7x^;i,:f ;u h •> IJ •y— h 'J Xf=-;i,7t-: b- h fc 

ctlfK^ifXt 1 : 0. 26\C,0. 3 : 5. 4A^b5. 



(3) 
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8ro;g&it^^-r'&<fc5lc«i*SL. mass 1 K@± 

(c« 2 h'issie/s-rssrai: . 

A^^)0. 3:0. OQA^bO. 12:5. 4<)^^,5. 8 
0:Bilfa»2->- h*B*^tX-y^>y|Iiih^±l=B PS 

BiFlS»<b1tS?fflS. fitiffift 1 i/- KH. fltifam 2 V- h' 

1:1. 8*\?,2. 2a);S#it*^t-«,J:ai:itt*&Lr 
ifJ)!)t**i.-5Ct^#«tt-SIS*«l 3 lrlE»©4tS(* 

[l»5R« 1 a ] sTllBiffeSJSlS:. 9 , 0 0 0 An t, 1 0 , 
0 0 0 ASK©®i^S*-r« i 5 l-»fiE**i.«) c i 

[m*«19] MESfeiaigl*. CFi(^^fci-y?> 
y **X ^ ffiffl L T I -v ^ >-5^ * C t ^ 4#« i: r S it 
1 3 lcffittroi<i»«:3$1Ea>Sii»i£, 

[000 n 

■stro-C'&y, (b o r o n : B) 

(phosphorous: P) ^iS^PfSa 
^ftiiS'lbt'4fctt<»BPSGK (BPSG I a y e r : 

layer) * #ti6SKfci:u:f-roiitie:^iS< ^ite, 

t;(ciii3J(^;-^ilJ5J;tX^-0Sjt;Siil=|||-r4t(3)-efc 

•So 

to O O 2] 

•6. C(n*d<t53?lcfEi:T. i*t*«:aSa)J6SSJ£, <§ 
HSfc J: atfSSiSS tc f * iPl ± * -B- 4 :^ ISI l::St itft a5A< 

[0 0 0 3] ®*IBfiEr-Sfc46<73J)axfttlflt. X*<<*1 

aatt^« (physical vapor depo 
s I t i on) irib^RtliRS (chemi oa I v 
apor dopositlon) IzZ'At iOltlfX' 

«*SL. S«^JlD!»LT<bg^J£foA<*±t-4J:5l--r« 



[0 0 0 4] itta(*gBO>^*,T-s DRAM«^^fi<i: 
Lr^lfii:. 1 6>*-t'<> KDRAM (1 6Me e a 
bit DRAM) fcj: LPs 4>*'t'-;/ RAM© 
a^A^?., ajfir-142 5 6ji*-e-;/ KDRAWroftiHb 

(Giga bit DRAM) ©J;-5l-S»«^blC« 

fS L fca«W32 Af JSff L r IN 4 . 
[0 0 0 5] ztuz^-DX. ¥»<*Saro$l[JSi-«ffl* 
n-&««fiErofc«>ro»ixfttfficia-r.S£«i*s>*® L < 

10 t£.5. C*i.l*, *fclSK*fcli»«)S'a:f*^fclfi*^IB 
WiSI-J^fiEL. m^O. 1 5 tfmiyTx1>--<>;W-JI/ 
(design r u I e) ©ffl«i/<^r->**-r-Sfll 

xlilSlif*. 1iSifa/<^i-:vA<»fi!t**i-aMfc*ltT?'S < , 

fiEfifc Kr#)itja«ti*f-ttiaatroxigi#i4icti£5 
jgroib!?;^. it^IaM1#1tA<+»l-%^t^^l./j:lt^^l^<te. 

20 >SL>c 

[0 0 0 6] l|go>-5 ^^iJUBEjarolSWiffiS^fc 
ltSaBffiai'5i4f©fc«)l-r#)$*ti-5*6!»Ktt, MlbUaC 

K-f:/^^LfcPSGK (PSG layer :p 

r) *fc(t»1b!t9i(=;n'5«fc<fcUf«* K-f^^^-LfeB 
PSG(i>ii:**<±l-«#?**i.l). Zx-y:/;^^< 

U-VV (s t a p coverage) 
J*-r4JKaitBSIC#fflLT7;U^J'J'f:j-> (a I ka I 

1 ion) ^^••y^'JX/ (ge t t e r i ne) 

30 L, ii^«)jEr-&fctoroxg^<aia«£i:-c#aicst«6i- 

[0O07] L*L. ffi^iej5ELfcafcl=^*'J:7P- 
(r e f low) fi^. ^A<t£»We(C'('pfflL+iJ-<J 

ffi^glt4*rST-fflfiE**i«>SS*fcli-> 'J a 
«fei:'*<fc.6«'&l::|j:. m<imSiM^^*^t i<Dfz 
ft, )BI*JK)!Et-*t#f=, 7)ci>lcJ:4|gSf$e/Mbl:i-r 
■6fc«)03^J**<#)f iF*i.)S:(t4ilfS:e><fL>. 
40 [0008] P SG|S*fcttBPSGI8<f t'*^t;«a 
)SO)j»fiEO)ff!lli, •J^'OX^t, (Davi/son et a 
I. ) l-l^-#*nfc3|eaf#s'F$4, 6 6 8, 9 7 3#. 
B*»#BaB859-2 2 29 4 5^> a*l5M¥1-12 

2 1 3 9^i3<fcU:B**$B3¥B- 1 7 9 2 6^*S:f|zB8 

[0 0 0 9] *ai$|'F-»4, 668, 9 7 3^|rMSi? 

I;, S<beieMi33Jil=«J*?7 %WTT'^Jin**i..5 p s G 
M^Igfitl-S, ::*iiciy, psg^« 'j:7p-Lr 

50 4, a<beiSISI-J:or;)C»A<S«IC;52-ri.Zt*Pfl 
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[0010] B*i^lHBB5 9-2 2 29 45-§-|cBB** 

7Xi}!!i<a«i-a2-r4c:i:$Pfl±L, a«A<sftstiiL 

[OOI 1] H*»gBT1 -1 22 1 39^ICBB3^**l. 10 
[0 0 12] H*<#IJII¥8-1 7 9 2 6^l=liaS?*Hfc 

fIBSC J: S t . Ttf V U 3 >IK±t:K^bIi*IS^ L 
fcStlc. K1be^lS±(cBPSG®^»/$^«,. c^iir 
j;y, BPSGfskii'jya-Lxts »ibS3^Ki-<fco 

T*^*<.-t< 'j V 'J 3 >«I*fcl*S«i:;i:2t--5 C i: $Pfi 20 

[0 0 13] COTctai^s PSGKtfcliBPSGlgJtf 

fBsE^SZtT-, *»)E£i:l=J:.S!B«^ft/Hbl;t-4c 
aiaiis x-y5^V'5ricJ:^TTSI!IS*fcl*SttA<««-r 

[0 0 1 4] It LT, «i«a*fMasi!*fci±'y- K«s-c- 

«l«*<i.4DfldbSI!*^r.5fiifi©¥«*Sffi<»aiii£r- 30 
li, BgnSi5*tcl*y- hSSMfflCaSHI-B p s GK*^ 

(tetraethyl orthosilicat 
e : TEOS) . h 'J Xf^ JU7t< U— h (t r i e t h y 
lborate:TEB) . h 'j X5^;U;nx :7 x— h 

(triothylphosphat8:TEPO). 

teLTBPSGis^jBjjei-i., 

[0015] :i®i:5l=. 7k'/Jro;fafc*i;x.y5^>Cf 40 

SKIi, ±(caibgaili^ Lfca(=Mlbg*e±lc 
BPSGllS^ife^LTiBliE**!.*. BPSGlSroigBt 

p s Giffi^ sa(-}K/«i-sfc»b<DK^btt^iaa$ fflfitr 
-a, -tur. h5x5^ji/:f;uh->'j'tr-hfcj:i;Km 

^- 7. ^ ffiffl L T , a^bSifeSI A^ & ISfiE * H 4 1 ^ > 

m±m±izm ^ KB*)K)iELfc«i:i. k ux^^^un-c 
i^-h. hijx^^u*x:'x— x^5x^J^:tJ^^ 
v•Jy-^fc.fcu:s^^(^*•x^ffiraL^:. »l->-KS± 5( 



i:ig2->-KiB^«iSc-ri>. mi v-Fii3<ti;ifi2-> 

-h*(it4, BPSGlSI-»illIl*ix4*'t>3(lfcJ:U:aO)# 
a^SlzS-^-r*. JSLNT. hijx^;u;^u-h, h U 
Xf^;l,;nx7x— h, Th5x5^;u:t;Uhi/ij'y— hJ3 
J:I/:j-«/:x*-;^^ffifflLT, Si K®j3J:i;a2-> 
- Kl*#4;x.yf^>.>-piitK±i:B p s G8g*mfi£r 
4. C(DB#. B p s GMIi«(0^fi:A<ffi*t»lcaStJe 

"J x 7 X - h ^ ffiffl-r -5 fc A -e fe y . +iJ <£3iE 
attttHSL. *iBcffliJ7P-XST-BPSGSI$(HlS1l 

[00 16]-fLT. BPSGffiSSS^-X^fllfflLT 

LML, DflSBrt-ei*BPSGBI*«+iJlcftffi*a-f. 
-f K (vo i d) *<S«l-»fiE*tl.4, CniiBPSG 

H ^ S« ifx * ffiffl L -c 37 □ -r -5 1 tor- 4 . 

[0 0 17] CiT.I=j:^T. aai*"X©tti:)yicSifiT- 
l±»3RA*X j3.J:i;7H«*-X$filffl LTB P S GK* U 7 

□ -L, 7K-f K©jefiE^«/Hbl=T4. L*^L. 

LT B P S GK^ U :? P-t* 
BPSGKroTS|!l=fe5X-yf->/7PIitffi(J3® 

7.:?x-h*tij:7p-$||S6-r4t#, S3?:b*xfcJ:U: 

7m**Xi:Sl£LT«lJS (phosphor i c ac 
i d ; H3P04) *4)iJL. 4^**l.fc)«SA«x-y^;/ 

^'"IlihBi $ X 5^ :y ^^r -a fc ft -e fe i) . 
[0018] 'j:'P-i-:iB5<tfelfta>x.v^>ifiaitis© 

ff^^^SSiSS^aate (T r a n sm i s s i o n E 
lectron M i c r o s c o p y : T EM) ^fiE 
fflLT5J-«fLfciEII. 'J7P-ia^(»X-v^>//-pi±g 

(DS-^mmii y ft 3 0 %a'>r -a c t sfflisr ^ct 

A'T'lrfc. e?x®?-ii-«fSS (a u g a r o I 

actron s p o c t r o s c o p y : A E S ) ^ 

ttffl LT "J :? a-waox ■vf^v.yBBit^SiJffi LfcJS 

s. x-;;^:^^7-Riij:m*fi{fiE-r4»<bW<y:7D-mfr 
.tytJio. 2tegsiglia-r4::fc?5tlE-r4ct7b<-et 
t=. 'j:7P-*iSi:-cx.v^>^f(lih^(Dl¥ 

[0 0 19] cHlcj;oT. 'j:7n-$|litLfca6l-. 

BPS GlS^MPSIi^^-r *B P S GBt/^S'-i/IZifefiE 

X -v y :/^^pa±M®Taiii^ fc4S«**jia! Lfc y , i>i: 
5, -tLT. eas5iin>^i^7 h (s 9 I f a I i g 

n con t a c t) )i:i:roi;5<£taW/^^'->*S« 

1 4aja(D*«?«:ssfiroa{5£i-fcuTx ^ > m±m 
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houldermargin) ^+«-|c!lt«-t?*/j:L>IS 
[0020] a4tffl»MIzSS<JBPSG«<7)ft47y 

+»^3:iS»)1t^^t«■C#>S:l,^::ttLT. iaS«rt 

<7s-r rjpaA^i£S*Hfcie« (critic 

a I d i me ns 1 on : CD) J;y*#<lg«**l 

»>i,9^lz{t. /t^-f Klt:?'J >vv (b r i d g e) ©15 

[0021] CCD<t5IC. BPSG|StZ)SJll^?^*^i3 
[0 O 2 2] 

)tfL^BPSG(i^-S-t>l6iltS^S«-r4Cil-fe*, * 

|SlB#l=if#tta)^jbA«/j:L^B P S GlBt*^t;*6»K0)a[j£ 

[0 0 2 3] *f|B^«35 3BWIt. 5n.^3^j3J:l^«^a 

file* *i..i.Jf6»M* ^t^¥«<*3jlS^Stt-r ■£ c 1 1= fc 

-fi>tmmz^^t<D^itt^fs.i.^Bp s GiBiT'WfiE**!.^, 

[0 0 2 4] 

[sii*<s*-r-i.fctt(?)¥S] mitLfcsi sMsafiE 

tt (mamb e r s) (7)-5*.T3, X h7X^JU;j-;U h •> 

i;^-M35. 25A^c,5. 7 eSfiwo^-tJJi^irbU; 

\ZZ. 7 5A^b4. 2 5ai:%(0«A<»Jn$*l.fcBPS 

[0 0 2 5] fl5iELfcm2a6<)safiE-r4fc«ifl)*«M 



-i?fc-5i»ei»SMJKiiicrotc46a)m2i/-Kia^?iEi -^-kb 

Th7X5^;u;i-jK.->iJ^r-hfcJ;u:t 

w^x^ffifflugri V- Kiifc'<t:ijtaE2 khs^ 
[0 0 2 6] m»m{t. !)c<cj:5i-aji-r43i:A<-t?# 

S^KBtL, T-K5x5=.ji,:j-jUhi>U^-K, KUxf^ 
;U;KU-l-fcJ;t;»t)SA*XS 1 : 0. 2ANbO. 3: 
5. 4A^t)5. 8©;I$]:t^^-r4<fe5l=ttiKLTlS2 

KBSiBfit-rs. ^-LT. S51 ->-Kisfcj;i;g52 

•>-h'ja±(ZT^ ►-7X^;U;i-;Uh->iJ/r-h-. SUx^ 

;u*u-h. hijx^ju,-ivx:7i-hfcj:u:;j--/>**x 

^1 : O. 2A^C>0. 3 : O. 09A\bO. 12:5. 
4)!i^b5. 8(D;S-&it$^-r«>J;-5l-1ftlgLTBPSG 
20 8IS»fiE-r*. C(J3^. »fcft)IItt. '^'J'>A*-;^fc<feLi: 

a***X*1 : 1. 8A^b2. 2 ©iE^tt* WT ■!) <fe ^ 

[0 0 2 7] a«±i3(±. siba3Roiicj:y«fiE*n«. 
x.y^vypiihS^JKfiJ;-r-5*<. ::Hi±it6ililISx.yf^ 

I'^-r-sir^ic, :L-y^i,'^-\zii^x&mmKti>z. 

30 [0 0 2 8] ffi)Rll$*m*"Xj3^«K*ijx^«fflL 

x')yD-Lxt. x.>^>/fiiflihsgA<x.v^>'y*tv 

-Sdir^KitL. ^f*ttx.y^^.^^-«1t^fiT*-t*-.5C 

(si^(cilfe«B^«:^ttx-y5^vy-rsc:ti!,<-c?#.5. 

oT. BPSGll^$t;ffil|*II(4. eaSJiJa^i'^? h 

[0 0 2 9] fiiELfcS3ae<)£iS)iE-ri>fctt(7)**B^ 
40 m-fn\z'j-xii^uh'\^-t^t<i&i&-^*ixi^i,m& 

S«feit;y-hSffi±l3i«iBE6<]l:.iB«?K, 5. 

2 5Avb5. 7 5mft%0)*O*<f?.U:|Z2. 7 5*>e, 

4. 2 5aa%®Bi*<iSJin*nfci6sis<t^<i^4, 
[0 0 3 0] asi±, x.y^:.y(cj:o-cateA<ia«sr 

SCfc$Il±t4fc46©x.:y^^'5r|ll±8S^^i^, 

^i$*nLX«fi)c-r4BPSGjI^ft% BtIiiL/:Se4B 
M$2)iEt-5fc»ro:$;fEBflODi»iSf«:fl)SJ£;^at(t, x-v 

50 'y=}^>m±mm±izmi$.thf!iimt. x-^g^-^/r 
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IZ2. 7 5 Ax e, 4. 2 5ma%(j)}is^**nLfc#6«KS 
fl^ffii-^sapsi:. iie»is^'j:7P-L-c*eai«8ffi*¥ 

wTSPic «E) 4 :t > ^w.±mmmt<Jti^ti>m o sn* 

^ ^ •5i|fe«lg/<5> JSfitt 4«B t *#t% 

[003 1] s«i±, DaciSfl**L. mamtf- 

x.y^:/^rpfljhBtl±. S^ksaiSCIfflLreoANbi 4 10 

[0 0 3 2] ttoT. C!ie»(::+«''S:JE®^a/iE-r-5i:H 
(±. «lfcJ:U:*03lf*<35JID**lSfi*g®<tLT. BP 

tt*15T*-tt-5fcit)T'4b*. ZHI=J:-^T. BPSGJS 20 

[0 0 3 3] 

roHrffi0rfci)o 01 lc*t-i-5l3, S-fSfti o±lc 
i-:/5^>^^PIibJgi ziWMt^. x.y^>ifpflitBSi 

1 0±l=}fJfiE-r-5>«6ilt««x.y^>^C-rSi:#lc, I-y 
5^>-5rtcj;or»Si 0A<««-r.6:i<tfffiih-r^t|sl 

1 oi=ais-^-4ci:^iajfr.5. 

[0 0 3 4] iKL^r. x.v5^v<7-piitsi 2±ir. 

J; Ij:«A<!Sto* B p s G®« ^t;iffi«SSt JBfit 
-r«>. *6ailSI±±l=1b>¥!fCffll5S*ilj!feLT»fl)c-r4. 40 

[0O3 5] ia7£#M-fnii. Ste3 0A<SAxH.5x 
T—y (stage) zoot^WiS.-^in,xi^i. 
V 2 0 o cfiStt 3 0 SJnSftt 4fctt©«PttA«i£a* 

*6ga*»)dt-r4i:^ic. sftao^M-rs. ^• 

LT. Xf— v2 0 0ICliS1S3 0f±. Tl-'J^'x-f 
( 1 i f t i n g) t4fc46©SP«)!l<6ga**l.. J6 
»l!s*JBfiE-rSi:^tSffi3 0^±. TIC i; 377^^ 

■f-S, S«3 0(nij:^x^>^fi±$e«K©i^i- 50 



■SPalBS^tlW-r^. StS3 0<)<SAxK-SXT-i?2 O 0 

*^t;f^^>/<2 0(«3ii. ftSPSri:lcSf5*"x*tt*& 
-r«.A*xt4*S7^'>2 1 o a. z ^ 0 btiyiU\~ii7.'Si 

lf!S7-<:^2 1 Oa. 2 1 0 b$ffli:Ttt*gJ*l.5SrE*- 

X^;g^-r4fctoffl:tfXS&7t?-yi7X2 2 03!i<Ka**i 

[0 03 6] 0814, ia7IZ;S-rSC5**XA<;-E^**ll, 

^^:/2 10a. 2 1 0 b*<aie$*1.4±-X;l^;t<-y^7 
X 2 2 0A<|5a**i.TU*, SfD*-X(±*'X;-E-&;t;-y» 
X2 20|=*^ttit&*tl.T, **X;g-&7l?'y<>X2 2 0rt 

-es^ * + >/ < 2 0 ic«t»g * n 4 . 

[0037] ^XS^;1?-yi7X2 2 0*ai:TttiteSn 
■5St£;*X*^-V>/^2 Ot>Jtib-SS<S3 0±(CJ$)-|C 

«IS-r?>fcftro::'u-h (plats) 2 30A<ies3! 
nros. :^u-h2 3 0©HirWI=lii3X$tt*St'5fc 
ttro;t-v-;uA<»fiE**i. A*XI±;t-v-;u^Jii;TSfi3 o 
±lcl*|-|ctttg*ti.-5. 
[0 0 3 8] TA-^/^^^fcgS^ffifflLfcieSISOJ^ 

l$li*(7)tfcyr-$.i.. El 2 ^ #!!B-r*i.(f , x-yf^xr 
PaitlSl 23f)<)BfiE**LfcSffi1 o$^^:^/<2 0rt-^S 
iSLfcaic, ^A-^/N-aortlcKiRA-xSttitg-rS,. ffi 

S^X(4. *il4. 5 00s c cm-C?<ft»&**ir. Sffil 

0$^t;iai21«»1btt3?BSC1 3lcMfiE1-S. z©B$, 

5^ A- > A 2 0 1 a*g * n ^.tK > e >-?-sptt * ffiffl L T ^ 

v>/N'2 0i*)*J|^tt!ISlc}Kfi£-r*A^ S^ttfigl±*<i 

2, 000s ocmT-«tteS*l,«,'N>J0A:tfX4-e.t;iC 
*tl4, 000 s c crr,t?miS*h..5S«^fX*f£fflLT 

Jfjfdt-f?). *t=. xx— v-2 0oi±i(i<i4ao°crojSiSS 
«t}#L/j:*<e,*«^Wr53b<, cro^, XT-i;2 0 

Oi::^U— h2 3 0©rBlPStt»tl6 0 0 5;UX (mi I 
s) ^Jt^LTLx* (T m i I s = 2 Sym-p&S) . 

i«»$-r4fctti::fT+3*i.. jti2«,'ra«jit?.ti-a. 

[0 0 3 9] ig3(c*-r*5(c. SIbttlSHSli 3$JfJ 
fiELtc?*!-, X h5x^;u:i-;uhvij^-Kfcj;y;K* 
*'X^ffifflLTx-y^>^fpiih(il 2±lc?Bl i^-K® 
1 4$^JBSc-r5. d©^. h^X^^Ui^JH-i/iJT- 
hltftSOOsccm-etltiteStl., KSI*"XI±*t|4, 5 

00 s c cm-t?tt*S*h.l). JU1!iroK1bt*#fflS 

1 3$iia)S-r^fcft©sfi^*-xi±«!(+r«*&**i. *H 

C*i.(cJ;t-C. **Xl±A-X;I^7t5'y^7X2 

20^ffli:r;i^*H. :?u-K2 3o$®i:rs^si 
o±(=j*i-irtt*&sti. mi v-Km 4^ffjfiE^5. 

^+>/<2 0i4Ji^ttlg^iBli-tr$tl#-r-5. 
XT^-v2O0li}(ti4 8 0°c©«itS*|JtL)i:Ate. 
Sfel 0SttlSi-r*)f)t, ::©B$. Xx— v2 0 0i3''u 
-h2 3oroBSiraii*?i4oos;ux^i|«»LTi.x«). c: 



0-1 
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<0J:5!t£«1 -V-KBI 4fl)i&(!£l«tl6 0 8fra«Elte>*i 
-6. 

[0 0 4 0] m^i-^t^'ilz^ Si ->-K^l 4^J^ 
v'J-b— hfcJ:Z;Sl^**ZSffiffiLr«1 •>-KSl 4 

;f;U-hl*«5l2O0s c cm-Cttt&*K T^^X^^^U 
:i-;H-i''J^-hlitD800 s c c mT?ttt&* *v. K* 
^)7.I±$D4, 5 00scom-eet*S**l-5. ^-LT, Jii 
Bij©tSl >>-h*lBl 4$JE)iE-r-5fcfta>T h5xf^;u:;j- 10 

4. zh.irj;-^T. *";^(i*"X5B&;1?-v^'X2 2 o^ii 

CT;I^**l.. ^U— h2 3 0^i8i:Taffi1 0±|ZB1 
-icttlS**!.. Sf2->-Kli1 6^IBfiE-r-So A^O. T 

A'>/<2o(±ss«tsi*aitT!»t}f-r4. 

e;2 0 0l±*tl4 8 0<'C05iga$*t}#LJS:*<C,S«1 

ttisft-r.a*', cfflB, xf— e;2oot:;u— h2 3 0 
a)rsm±^3 1 0 5jux$«l}#LTL>4. CO JIT'S:* 

2->- KIS 1 6©Jg)iEtt*il2 3 WlKltCKi, 20 
[004 1] hiJX5^;U7l?U-H±BPSGja$^fclfe 

ft, gi£T?l±*6»SS^ Bidir 4 i: * ic h 'J if^yU/t-: b- 

[0042] 05l;5j-f <fe-pl=. S2v— KHi 6^iB 
fi)cLfc»lc, f-'jx^;u;nu- [->) Ji^)\,t^7.y jl 
-h. 5'h7X^;U;l-jl,hvi;'>— hfcJ:t;:*-y>^J7. 
^ffifflLT. »1 v-KJil 4fcJ:i;SE2i/-KKl 6 30 
*^t?x.v1^>-?llihlli1 2±l=BPSGIBIS#t?iie» 
JKls^i^fitr*, drost. h'Jx^;u7t<u-KIi**i2 

00soomT'tt!fS**l.> S 'J X^^;U7f5X 7 1- h 

8 S s c cmT'tt*S*K. 'ry-z):L=}-il-tl\'\-'y')'T- 

h(*«J800 s ccmt?«*S**l., ^W*"Xli*«)4. 
500 s c cmTMftte^HS. *LT. lilttI©»2->- 
KSl 6i:rfJilititzlt)<J)'rV-^:Lj-)[,7t-Jlhi^<J'T- 
hfc*Ut-'Jx^^U;f:u-KlilliltTettS*H, KfR*- 

(C*oT. A'7.l4*fX;1^3l-:-y?7.2 2 O^atTS^ 

:^u-^2 3 0$ai;x«lsi o±ici5-ic«ti|!& 

*6sisi sm&t^. t-'-o. 5^v>/<2oi±a 

^ttSI*»E(trtt^-ri), ^-LT. XT-t5 2 0 0(±«) 

4 BO"cro;a«$«}#L<iA<f,«ffii o^inmt?>i>^. 

Z«DK, XT— v2 0 0i:-?U->-2 3 0©IHRI(i*^3 
1 0 5;^x£^t^SLTL^«. Cffli^^CjfiSUl 8©Jg 

i$iiit«ii 6o«>(ajsi+bh.4. 

[0043] hiJX5=-;U7t5X7x— hf±. BPSGK^ 

•ttr*6»SSi 8*r#filit*t#lr. $6Mill»i 8lc-^l)n* so 



(PH) ro<t*3yic±(cfltffl^*T.^,. la 9 tt*ig)SS(!ii© 

[0 0 4 4] El9^#re■r^^lf. S*:tfxi4ffi1bttg|l 
SroSfiE, ^tbi;i-B 1 KJaj3J:t):S2 V- KHS 
iftfiE-r-Sttl-fltilig**!., T^t-7X^^jU:t;uh->iJ<7— 

hi±«i->-h*®, i(52i/-mgfcj:t/tfeftjg^«fiE-r 

4t#(-e*ite**i. h'Jif^;u-1-Cb-K±K2->-Klg 
*5 J: t/je«)S*»fiE-r 4 i h'jxf^juvh 

x^' X- sfe J:i;:i- y :/A-xi±itfe»^^«fiJ-^-l, t 

[0 0 4 5] 7\-.'^m<omni:Lrmii^^*\. 

4 hijif^;U7tJX7x-K^filffll-r-SCi|zJ:i.J, i^l) 

5. 5sa%a);t^t)3^fcj;i>-,tti3. osawrosf^^-r 

SBPSGK?$t!(6«H^r#/i£-r-5::i:A<Tt«. z 
Kl-J:y. +»nfij!iBl1t$iit«1--St|B|B#lc*ffirolS|- 
t4^ 5$«-r 4 C t A^-e t SffiSaS* SMt -5 c: i: A<-T? t 

[0046] ig6t*r<tTic, e3^i)Xfcj;UA)g# 

X^flEfflLTteSIBl 8$'J7Q--rS, 

T. ilifeftRl 8^ffi)!.<¥tH(ciKfiE^^^*t|E]^lc. Sffi 

1 0±«73IHiQiS|5(Da*.-T?[agflrt^|6ftKl 8I=?ES** 

4. zro^, ij3'p-i±**i8 5o°cro;agT•^f^^^^•^). 

P S GBI$#t-»6«lls 1 8 li7Hi^lzMti>i&W^t L 

r^lFfflL. 7;U*'J-<^> (alkali ion)^ 
(e e t t a r i n g) t^, LA^L. X 

•y ^ > -ym^Si 1 2 ic * o T . A<a« 1 0 i-;iai- 

[0 0 4 7] JblC, *6»K1 8S'J^Q-LTt, X 

•vf^^^^Pflitati 2(liJi[^^0)iffi'>^i 0:>-mi*)izPl±-r 

'J XT jUTnx 7 X- h i 7K»A<SI5 LTfiSKS ^ fiE-r 4 
SS*S'Hblc-r*CiA<-C-^*fctf)T'fc-S, flP*,, K 
ij X^^jU;txX7i- K^aiHS-r-SSieS il 9 
<t-5l:i$ft«85SiK)i|c-r4Kra(-IESLT, BPSG«^ 
^fcH&Slil 8ICti)3SS%©«|$iSttl-r4fctf)T-fc 

[0 0 4 8] X.;;TVi?ll±Jg1 205l5i^©it'>* PL± 

SIS* **e»K/ <5> -> * r#fi£f *fc4t)ro X -y T V 
*-r5i:#lc. S*ttx.>f^:^^4#ft*+»(z5t«t-4 

fc::^*5lc)^«-ri)Ci*<-ets. ::*i.liBPSGlBS$ 

^tjftsis 1 8 ic <t-s t^mfc * u;«*<«iip * s 

[0049] BP*,, 5. 5S£%ro^v't7^«j:e>li:i-3. 

oia%«iA<3sjQ**i.fcB p s Gii^^fiffiaiiii a * 
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^f^tt ^ «t«1- ^ i: t S , 

[0 0 5 0] *fEis#itB p s Gig*^t-*e«ia®*«tt 

«::iA<-C!#fc. 01 ofc,ti;iai 114, T^^-^mtiiiV 

Coos 1] 01 oir. 5. 5l;S%, 6. oSfiwfc 

L. =8-'!?lc^t[E:Lr3. oafi%. 3. 5Sa%fcJ;U" 
4. omt%ro^S*=S-r«J:^l={»*»lDLfcBPS 
Gffi* iJ^n-Lfcftl-. BPSGSfflTgI!l-&«3:-y 

[0 0 5 2] *-r, oT-JSLfciS*-e, 3. oaft%(© 

5 . 5 i;a%ffl*O^R*<-^*n**i.fcB p s G 
x-7^>^f|l±)ScD»^*<t!i1 0A^'> 
^*zt*iSa^€,::tA«T?*, 3. omawroJStfii 
0:iz6. om2%<o*03BA<asJiaj*ifcBPSGlS©18 

ti^vit^:ii:ti<x-^. 3. oaa%o)»j)jtc,t;t\ 

6. 5Sa%(0*Of(l/)<3Stt**l.fcBPSG)g©«^l= 
14, X .y ^- ^-yiillhffiOSi^Miff) 2 2 AjS'>1-4 Z t ^ 

[0 0 5 3] aT'SLfeffiJiT?, 3. 5Sa%(0«/.£t) 

t/(c5, sms^tnjn-t^Jg/i^siiD^tifcBPSGiia)* 

^|::I4, i-v?r/^fll±K©lli^/)<«l sAj&'Jf-tiZ 

t^»^-r«c:<tA<-e*. 3. 5ss%(o«4-e.t;(c 

6. oaa%0^3t^'t7**<^*D^t^.fcBPSGBt(D«^t 
14, x.v5^>'ypiihBia)©^A<«l2 5Aa'>-r*Ci:^ 
«^-r«ctA<-e#, 3. 5Bfi%a)«|/.E?)Z;i:6. 5 

sa%a)*03)5A<^*Q**ifcBPSGia©«-&ici4, X 

•^/^^^■yilliBSfOISi^A^*?) 3 5 AMd^^« c i *iss-r 

[0 0 5 4] A-eSLfcteST', 4. 0 aa%fflBI'j: t. 
u:i=5. 5ma%<D*t?lll)b<S6JiD^*ifcBPSGSro« 
^lc;l4, X'v^>^rniihK<0»?*)b<*9i 3 AiK'^-T^c: 

i:i:miti>ztt<-ct. 4. osawroa^tbt/ic 

6. OSa%037nt7*Mji61a**l.fcBPSG)S<O«^(r 

I*. x.>^^v^/-|ii±jia)®i»^A<«3 5 AiS'^-rsct^ 
?sai-r*c:tA<T-*. 4. osfi%ffl»{)!ibt;ic6. s 
ss%a)^^om/)^iSiiD**i.fcBPSG)®©a^(ci4> X 
•7 ?^>'yifi±llro®^A<i!i«)4 5 A3S'i>-r 4 <t ^ SSait- 

[0 0 5 5] (Hi lie, 3. 0Sfi%, 3. 5ia%i3 

j:i;4. osa%©^fi^*t-4i5i;«^*»iL, & 

»ft-ai-S*ELT5. 5Sa%, 6. 0afi%i3J::l^ 

6. 5aa%o3^a^*-r4J:T(-'tvO«^ai*nLfcB 



PSGJil*ij:7P-LfcaiC, BPSGBlOTTWl;** 
X -y ^ > ■ypi±ffi©a'> LfcWi^^;lS LfcSSS^S 
■To 

[0 0 5 6] *-r, OT-5iLfc»SI|-C, 3. OSa%0 

8(jse,y:ic5. 5ma%<D;i-x':?igA^^3iD**itcBPSG 

J»«D«-&(-l4, :iiy=f:y<fm±ma)!f-M<m8A^'Pt 

?>zttftmtizti><T;^, 3. 5sa%©«!t<fbU! 

ICS. 5Ma%0);1:'t?**<3SJa**ifcBPSG)Ba)«fe 
ICI4, x-y^^'S'-ll^lSaJlfi^Att^ll 3Aa'>-r4Ci: 

^»a-r-i)c:i:A<T-#, 4. omawfDBiinse. 1/1^5. 
5sa%<ort-x';73g*<»iin**L« BPS Gi®(na^ici4, 
x.v^>-ypijhlia)Si^A<*?ii eAia'j^-r^ct^iitig 

[0 0 5 7] n-evSLfcteJir-. 3. osa%fl)«5)S:f, 
l/lce. oma%<D*';?illA<i6*a$Ht=BPSGK03« 
^1=14, X-y5^1/-y|l±II©B^A<*(l1 SAia'^-f*;! 
i:*5SSt«CtA<-C-#, 3. 5Sa'H.a)«ftf?.i;i= 

6, om&%ai7ts'^Mi><^nitht-BPSGma>^^\z 
14, x-yf^^^T-ffljiiiaajJiii^A^^tias Aiffi'>-r«)Ci^ 

{t^-r-i.-tA<T'#. 4. osa%a)«>ift.i;ic6. o 
ma%03^>'^fiiA'3siiDj*ifcBPSGSiffljg-&i=it, x 
-J ^><fm±maiW-f^i<i!fi 3 5 A ji$'j/-r •£ - 1 iwvit 

[O 0 5 a) A-esiLfciBII-c. 3. OSa%0))S^fi=, 
i;ic6. 5aa%©7t^O*)!)<iS*[:J*vfcBPSG!ifflJg 
^lci4. x-:,^>^-|B±K£Da:^A«tt2 2 AMii.-r*c: 

tiiimti,zti<-c^, 3. 5sa%(D»tnfe,u:iz 

6. 5ma%fl);tx':73KA<»*D$HfcBPSGflS(3)«^l= 
14. x.>^></I!M±JIro»?*j!)<i|it)3 5 Aait^t^Ct^ 

«ssi-«ct*<T-#. 4. osa%fl)anfb 1/1-6. 5 
aa%a)*o**<^jD* nfcB p s Giswta^izi4. x 
v^ty <fm±m(iiW-f^A<m 4 5 a ^'>-r 4 c t ^ »i£-r 

[0059] stoT, ^n-t^m^s. 5sa%-SJaLfc« 

^. «®*ai=l4JSi:i5®$Slt'EfL>Ci:^5ta-r4C 
i:A<r-tfc, ^^LT, 5. 5aa%ffl*'t?«!ji:bi;iC 
3. 0Sa%fflfi5$SSBft#lrfBSL, IteSK^r^^-t 
4t*, »fa)$S*3l^-r«, KiJx^;u;)^x:7x-t-(D 

[0 0 6 0] C*l,(Cj:oT, ■S*lfc3fe«a*fc<fet;S* 

SSlcfe4x-y?^> y PI±)Btro «'> A< 1 O A T- 4 B 

C(OffiJiffii4o. 1 5f/miiiTa)x+f-i'>;i.-;u$ 
s*-r *«jfi©i*i©«:«afl)Si£i3«ffiatji-P£;ffl-r * c 

an*,, ^g)SI4Sail5iJa>^>i' h)gR£, 

IMD(IMD:inter metal diele 
c t r i c) *fcl4l LD { I LD : i n t e r la 
y e r dielectric) <£ if© J: 5 <fBW*ftli 
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[006 1] aa!i?i|a>^^7 f-$»nE-f 4fc*)<n«e» 

•i>. 01 2131 6I4*«Wro-ieiSE^i:<fc-5¥»ftl^B 

[0062] El 1 2 IZ^t * -5 l~. V— X ( s o u r c 
e) fcJ:U:KU-> (drain) 7 2A<]KfiE**Vfcfi 

^rMt^c V-Xfc-J:i;KU->7 2liS«7 OP«q|r 
^*S«)*5±AL-C)K«L. -^f-haffi? 4IS;±l=/K'J-> 
iJP>Slte^lX$>^^:^T>a«fll (WS i I aye 

[0 0 6 3] 01 3i:s-r<fc5i:. ^iRion^iff- 
JS7 6*a«iwi=»fi£i-'S. ^itmf^mmt^%ismm 

Ji*8II±Wa. x.:/^>^f|:iJ:-^rS«7 0)!i<^«lt4 
^t*fflJh-r&i:!5l^l=. »ffi7 OA<»tiSLrK^b**l. 

ffi7 0 tcjtait- * - 1 ^Ifiihl-*. 

[0 0 6 4] ai 4IC:ST,fc5l=. X -^^ V^fllJtljt 7 
6±|Z5. 5aa%a):h'!73!l&e>I/l:::3. OSS%©»i 

*<)SJin**t*iffi»«i7 asj^fdE-r*. mmmi bu^ k 

I- h^iSllD LtzmniZii y JKfiE* BPS GlS)fl^ f. 

<i:j3. ffiSK? 8 14IK19, 500A(0ei^ 

[0 0 6 5] BPSGlE^#fcte»|IS7 SroBfiEtt* 
X-y5^>-9-|lI±Bg7 6A<iIJ«*:Kfc|t«7 0SaiZ 

4, 5 00 s c cm-C-«|g*H4»**'X-ettfiE-r-5. 
^^l.^-C, »i|l*-;^^!ttl4, 5 00sccm-ett*&L, X 
h^X^;U>t-JUKi/U ^-h**?]800s ccm-C5et#S 
L-C, x.y^>^fpiji:IBI±lcS!1 ->-K*lg5iBfiEt*, 
ISltX. »**-X^tt4. SOOsccm-ettteL. X 
h^x^;i,:r^Uhv'J -^r-h^ttjaoo s o om-pffiilg 
L. ;t^'!7m©IS«-Cfc4K'Jx^>U;t?U-h^lti<J2 0 0 

s c cm-t?e^*SL-C. «1 •>-h'®±l-m2 V-KB^ 

iKfiE-r*. *L-C, T^h5x^;u^;i,hVUy-K^itt| 
800sccm-C«*&L. h>JX5^;U;t5U-h**<l2 O 

0sccmT-«*SL. filS<DlS*tr-fc*h'Jx^^;ut.7.7 

X-K*«18 5 s c cm-CttlteL. :?t-^/>*'X^ *5l 4 . 
50 0 s c cmT-ft^L-C. tg 1 V- fc 2 ■> 

[0 0 6 6] BPSGll5ttR2tt!S-p)esE-r4*<. 

tt!EI**«12, 0 00sccm-effiif6^tT.'S'N'J'i'A*"X 
«fbU:i=tt4, 000s c cmr-«»S*n«,g5R**7.IZ 

l±**)4 8 0°ciz$t}#T4. HI 5(::5^-rJ:5lc, 7Xm** 



xteJ:UtSE^*';^SC!fflLT«)8 5 o°c©sSr-$6«K 

7 8$'j7D--r«.. C^^ICJ:-3r. *e»H7 8affi*< 
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